Background: Men with HIV/acquired immunodeficiency syndrome (AIDS) are reported to be at increased risk for germ cell tumors (GCT), particularly testicular seminoma. We investigated correlates of this association to improve understanding of GCTs. Methods: Testicular and extratesticular seminoma and nonseminoma cases were found by linking population-based cancer and HIV/AIDS registry data for 268,950 men who developed AIDS in 1980 to 2003. Standardized incidence ratios (SIR) with 95% confidence intervals (95% CI) were used to compare these cases with the number of cases expected in the demographically matched population. Results: Overall, seminoma risk (161 cases: SIR, 1.9; 95% CI, 1.6-2.2) was increased significantly with HIV/AIDS, whereas nonseminoma risk was not (56 cases: SIR, 1.3; 95% CI, 0.96-1.7). Extratesticular GCT risk also was increased (11 cases:
Introduction
In 1995, Lyter et al. (1) reported a significantly elevated risk of developing testicular germ cell tumor (GCT), particularly seminoma, in a prospective cohort of homosexual men infected with HIV. Similar or higher risks were found in several American, Australian, British, and Italian studies (2) (3) (4) (5) . The risk may not be limited to the testis, as mediastinal malignant germinoma risk among men with the acquired immunodeficiency syndrome (AIDS) seemed to be increased, based on two studies with very sparse data (1, 2) . Remarkably, risk of nonseminoma seems unrelated to HIV/AIDS (1) (2) (3) (4) (5) (6) .
The increased risk of seminoma among men with HIV/ AIDS remains unexplained. Impairment of tumor immunosurveillance by HIV infection has been proposed as a possible underlying mechanism (4) . This hypothesis is supported by evidence that the extent of lymphocyte infiltration in stage I seminoma is associated with a reduced risk of disease recurrence (7) . Linkage studies in the United States suggested that seminoma risk increased in time relative to an individual's initial AIDS-defining disease (termed AIDSrelative time), further supporting a role for immune function (2, 6) . In Australia, however, there was no association with AIDS-relative time (3) . Moreover, among 26 HIV-related seminoma cases in England, median CD4 count was 294 cells/AL, suggesting that immunodeficiency was present but not severe (4) .
We examined chronologic, demographic, immunologic, and other data from 268,950 men diagnosed with HIV/AIDS in the United States from 1980 to 2003 to better understand the risk of seminoma and nonseminoma in this population.
Materials and Methods
Populations and Cancer Cases. As reported elsewhere (6, 8, 9) , the HIV/AIDS Cancer Match Study used a probabilistic computer algorithm based on name, sex, race, dates of birth and death, and (where available) social security number to link HIV/AIDS and cancer registries in seven states (Colorado, Michigan, New Jersey, Massachusetts, Connecticut, Georgia, and Florida) and five metropolitan areas (San Francisco, Los Angeles, San Diego, Seattle, and New York City).
Among all men diagnosed with AIDS ages 15 to 92 years, the current study evaluated the risk of invasive seminoma (International Classification of Diseases for Oncology, third edition M9060-9064) and nonseminomatous GCT (International Classification of Diseases for Oncology, third edition M9065, 9070-9085, 9100-9103; ref. 10) . In a sensitivity analysis, codes M9063 (spermatocytic seminoma) and M9064 (germ cell not otherwise specified) were excluded. Separate analyses were done for cancers arising in the testis (International Classification of Diseases for Oncology, third edition C620-629) and for extratesticular tumors (all other sites). Hispanic and missing/ other race men (n = 37 cases) were excluded due to limited population-based incidence data for comparison.
Statistical Analyses. Detailed statistical methods were reported elsewhere (6, 8, 9) . Briefly, time at risk was calculated from the start to the end of complete cancer registration in each area, no earlier than 60 months before nor later than 120 months after AIDS onset (defined as month zero for each individual), and censored at death if earlier than 120 months after AIDS. As the measure of risk, we used the standardized incidence ratio (SIR), which is the ratio of observed to expected cancer cases derived from contemporaneous, race-, age-, and registry-specific population-based incidence rates. We calculated 95% confidence intervals (95% CI) assuming a Poisson distribution of the observed cancers (11) . CI excluding unity (e.g., two-sided P = 0.05) was considered statistically significant. A two-sided score test was used to assess trends with time and CD4 count (2, 6) . Testing for trend in risk by calendar year was limited to the 2 years (months +4 to +27) after AIDS onset. Risk assessments for CD4 count (at AIDS onset) and stage by calendar year were limited to the 5 years (months +4 to +60) after AIDS onset. Alternative restrictions on the time intervals yielded similar results (not presented). All trend and subgroup analyses were defined a priori.
Results
For matching done in 2003 to 2005, there were 268,950 men with AIDS (56% white, 44% black) who were followed for 2,100,317 person-years (mean, 7.8 years). Like the U.S. AIDS population, they had a median age of 38 years. AIDS onset occurred before 1990 in 22%, during 1990 to 1995 in 47%, and in 1996 to 2003 in 31%.
There were 217 testicular GCT cases with AIDS compared with 129 cases expected (SIR, 1.7; 95% CI, 1.5-1.9; Table 1 ). Men with AIDS had an elevated risk for testicular seminoma (161 cases: SIR, 1.9). Their risk for testicular nonseminoma was marginally elevated (56 cases: SIR, 1.3; 95% CI, 0.96-1.7). Extratesticular GCT was diagnosed in 11 men with AIDS (SIR, 2.1; 95% CI, 1.1-3.7), including 8 with seminoma (germinoma) histology (SIR, 2.5; 95% CI, 1.1-5.0) and 3 with other germ cell histologies (SIR, 1.4; 95% CI, 0.3-4.1). Exclusion of cases of spermatocytic seminoma or germ cell not otherwise specified histologies had minimal effect on these risk estimates, although the SIR for extratesticular germinoma was no longer statistically significant (footnote in Table 1 ).
As shown in Table 2 , testicular seminoma risk was higher for disseminated disease (SIR, 4.7) than for regional (SIR, 2.0) or localized (SIR, 1.6) disease. Seminoma risk was elevated before age 35 (SIR, 2.1) and at or after age 35 (SIR, 1.8) and in whites (SIR, 1.9) and blacks (SIR, 1.8). Seminoma risk was unrelated to CD4 count measured at AIDS onset based on sparse data. Seminoma risk was elevated significantly in men who had sex with men (SIR, 2.0), who accounted for 73% of the cases, and in transfusion-and hemophilia-associated AIDS (SIR, 9.8). Nonseminoma risk did not differ from that in the general population for any demographic or HIV transmission category (data not shown).
Seminoma risk was markedly increased (SIR, 7.6; 95% CI, 5.8-9.6) near the time of AIDS onset. The risk was less elevated up to 2 years before (SIR, 1.7) and after (SIR, 2.1) AIDS onset. It also was not elevated more than 2 years before or after AIDS onset (Table 3) , but these data are very sparse and could underestimate the true risk by 15% or more due to migration into or out of the registry area (9) .
Of note, across every AIDS-relative time interval, seminoma SIR declined with more recent calendar year of AIDS onset (Table 3) . Considering all cases in all intervals, SIR fell from 3.3 to 1.7 to 1.4 with AIDS onset in 1980 to 1989, 1990 to 1995, and 1996 to 2003, respectively. For the time interval with the most complete prospective follow-up (+4 to +27 months after AIDS onset), the change in SIR with calendar time was marginally significant (P trend = 0.056; Table 3 ). During the +4 to +60 months after AIDS onset, SIR declined over time for all stages of seminoma. As shown in Table 4 , from AIDS onset in 1980 to 1989 to 1996 to 2003, seminoma local stage SIR declined from 1.9 to 1.2; for regional stage SIR declined from 3.1 to 1.1; and for distant stage it declined from 3.8 to 0.
Discussion
Compared with the general population, we found that men with AIDS had an f90% higher risk of seminoma but no significant difference in risk of nonseminoma. Seminoma risk was highest with AIDS onset during the 1980s, when little or no antiretroviral therapy was available, and it was less elevated during the early 1990s, when single and dual nucleoside reverse transcriptase therapy was widely used.
With AIDS onset during the highly active antiretroviral therapy (HAART) era (8, 9) , starting in 1996, seminoma risk did not differ from that in the general population. However, this attenuation of the elevated risk with improving anti-HIV therapy was not mirrored by associations with CD4 count or AIDS-relative time. Although risk was not related to these measures of immune function, the trends in seminoma risk could still be related to other changes in the AIDS population. Seminoma risk was increased with transfusion-and hemophilia-associated HIV/AIDS, arguing that it was not related to sexually acquired infections or male homosexuality. Scanty evidence has been found that mumps virus, parvovirus B19, or herpes viruses contribute to testicular cancer risk (12, 13) , but possible associations in the setting of HIV/AIDS have not been investigated. Men with HIV/AIDS are not known to have an increased prevalence of cryptorchidism, polythelia, hypospadias, or gonadal differentiation disorders associated with testicular cancer (13) (14) (15) . In contrast, the majority of men dying of AIDS do have testicular atrophy (16, 17) and more specifically hypospermatogenesis, spermatogenic arrest, or a Sertoli-cellonly testicular histology (18) . These pathologic abnormalities also are seen adjacent to a GCT or in the contralateral testis of men with GCT, supporting the hypothesis that they are a manifestation of a premalignant testicular dysgenesis syndrome (19, 20) . Unlike with congenital conditions, testicular atrophy among men with AIDS has occurred after puberty. Some adult men with chronic renal failure have testicular atrophy (21) , but the risk of testicular cancer before and after renal transplantation remains largely undefined due to sparse data (22, 23) .
In AIDS, testicular atrophy is thought to be due to the general debilitating effects of the disease rather than due to specific immune, hormonal, or infectious disorders or treatments (16, 17, 21) . Improving anti-HIV treatments was associated with a decreased prevalence of spermatogenic arrest, which declined from 48% among men who died of AIDS in 1981 to 1987 to 28% among AIDS decedents in 1988 to 1995 (18) . Two (29%) of seven AIDS decedents in the HAART era also had spermatogenic arrest (18) . It is possible that testicular dysgenesis in men with HIV/AIDS predisposed them to developing testicular GCT and that effective HIV treatments have prevented this precursor condition.
In addition to a high prevalence of testicular dysgenesis with AIDS, it may be that tumor-infiltrating lymphocytes are deficient with untreated HIV infection. Tumor-infiltrating lymphocytes correlate directly with better seminoma prognosis (4, 7, 24, 25) . For men with HIV/AIDS, we found that seminoma risk was significantly higher for disseminated than for earlier stages. This finding indicates a shift toward metastatic behavior of seminomas among men with HIV/ AIDS. We speculate that a deficit of tumor-infiltrating lymphocytes in untreated HIV infection accounts for this shift and may also increase the risk of seminoma and perhaps extratesticular germinoma as well. We further speculate that recovery of tumor-infiltrating lymphocyte activity with improving anti-HIV treatments might account for the attenuation of seminoma risk during the 1990s.
Our findings are subject to bias. AIDS-associated seminoma risk was markedly increased for diagnosis within a few months of AIDS onset, pointing to an effect of screening. In Table 3 . SIR of testicular seminoma among men with AIDS, by AIDS-relative time and calendar year of AIDS onset Abbreviation: Obs., number of seminoma cases observed. *AIDS-relative time intervals are as follows: distant pre-AIDS (À60 to À25), later pre-AIDS (À24 to À7), at AIDS onset (À6 to +3), shortly after AIDS onset (+4 to +27), later after AIDS onset (+28 to +60), and very late after AIDS onset (+61 to +120). cCalendar years of AIDS onset correspond to anti-HIV therapy as follows: little or no antiretroviral therapy (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) , availability of single and dual nucleoside reverse transcriptase inhibitors (1990) (1991) (1992) (1993) (1994) (1995) , and availability of HAART combinations (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) . bP trend = 0.056 for SIR across the three calendar year periods. contrast to seminoma, nonseminoma may be less affected by screening bias because nonseminoma may be less indolent and thus less likely to be diagnosed incidentally (26) . However, an accelerated diagnosis of indolent seminoma at AIDS onset would not account for the continuing excess that we observed during the 2 years after AIDS onset. Moreover, the stronger risk observed for disseminated testicular cancer is incompatible with screening bias. Finally, if screening bias was substantial, the increased intensity and frequency of monitoring of HIV/AIDS patients during the 1990s and into the HAART era should have increased, rather than decreased, the apparent risk of seminoma. In summary, our analysis of f40% of the non-Hispanic U.S. population with AIDS revealed that testicular seminoma risk was increased significantly, whereas nonseminoma risk was not. The increased risk was no longer apparent in recent years, perhaps because of overall clinical and immunologic improvement with HAART. Follow-up data from large populations of men with HIV/AIDS may help to clarify these associations with testicular cancer.
